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THROMBOXANE LIGANDS WITHOUT
BLOOD CLOTTING SIDE EFFECTS

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application 1s a continuation of U.S. patent
application Ser. No. 10/213,190, filed on Aug. 5, 2002 now
U.S. Pat. No. 6,818,779, which patent application 1s a
continuation of U.S. patent application Ser. No. 09/899,713
filed on Jul. 5, 2001, now U.S. Pat. No. 6,462,077 which 1s
a continuation in part of U.S. patent application Ser. No.
09/334,356 filed on Jun. 16, 1999, now abandoned, which 1s
a continuation of U.S. patent application Ser. No. 09/038,
068 filed on Mar. 11, 1998, now abandoned, which 1s a
continuation of U.S. patent application Ser. No. 08/832.,431
filed on Apr. 2, 1997, now U.S. Pat. No. 3,741,812. which 1s
a contmuation in part of U.S. patent application Ser. No.
08/645,4677, filed on May 13, 1996, now U.S. Pat. No.
5,650,431, which 1s a continuation 1n part of U.S. patent
application Ser. No. 08/378,414, filed on Jan. 26, 1993, now
U.S. Pat. No. 5,516,791, which 1s a divisional of U.S. patent
application Ser. No. 08/174,534, which was filed on Dec. 28,
1993, now U.S. Pat. No. 5,416,106.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to thromboxane receptor
ligands including a carboxylic acid group dernivative, which
do not cause blood clotting. In particular, the thromboxane
receptor ligands are bicyclic carboxylic acid dernivatives
wherein said bicyclic rings may be hydrocarbyl or oxohy-
drocarbyl, e.g. 7-[carboxyalkyl or alkenyl]-6-[alkyl or alk-
enyl]-3-0x0-2,4-dioxobicyclo[3.2.1] octanes and derivatives
thereol. In particular, hydroxyl, nitro, amino, amido, azido,
oxime, thiol, ether and thiol ether derivatives of said car-
boxylic acid group are contemplated. In particular, 7-[6-
carboxy-2-hexenyl]-6-[3-hydroxy-1-octenyl]3-ox0-2,4-d1-
oxobicyclo-[3.2.1] octane derntvatives are disclosed. These
compounds are usetful as thromboxane agonists and antago-
nists. These compounds are also usetul as ocular hypoten-
S1VES.

2. Description of the Related Art

Ocular hypotensive agents are useful 1n the treatment of
a number of various ocular hypertensive conditions, such as
post-surgical and post-laser trabeculectomy ocular hyper-
tensive episodes, glaucoma, and as presurgical adjuncts.

Glaucoma 1s a disease of the eye characterized by
increased intraocular pressure. On the basis of its etiology,
glaucoma has been classified as primary or secondary. For
example, primary glaucoma 1n adults (congenital glaucoma)
may be either open-angle or acute or chronic angle-closure.
Secondary glaucoma results from pre-existing ocular dis-
cases such as uveitis, intraocular tumor or an enlarged
cataract.

The underlying causes of primary glaucoma are not yet
known. The increased intraocular tension i1s due to the
obstruction of aqueous humor outflow. In chronic open-
angle glaucoma, the anterior chamber and its anatomic
structures appear normal, but drainage of the aqueous humor
1s impeded. In acute or chronic angle-closure glaucoma, the
anterior chamber 1s shallow, the filtration angle 1s narrowed,
and the 1r1s may obstruct the trabecular meshwork at the
entrance of the canal of Schlemm. Dilation of the pupil may
push the root of the 1r1s forward against the angle, and may
produce pupillary block and thus precipitate an acute attack.
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2

Eves with narrow anterior chamber angles are predisposed
to acute angle-closure glaucoma attacks of various degrees
of severity.

Secondary glaucoma 1s caused by any interterence with
the flow of aqueous humor from the posterior chamber nto
the anterior chamber and subsequently, into the canal of
Schlemm. Inflammatory disease of the anterior segment may
prevent aqueous escape by causing complete posterior syn-
echia 1n 1ris bombe and may plug the drainage channel with
exudates. Other common causes are intraocular tumors,
enlarged cataracts, central retinal vein occlusion, trauma to
the eye, operative procedures and intraocular hemorrhage.

Considering all types together, glaucoma occurs 1n about
2% of all persons over the age of 40 and may be asymptotic
for years before progressing to rapid loss of vision. In cases
where surgery 1s not indicated, topical [-adrenoreceptor
antagonists have traditionally been the drugs of choice for
treating glaucoma.

Various U.S. Patents have recently issued which relate to

thromboxane ligands and/or treating hemorrhaging. For
example, U.S. Pat. Nos. 5,128,322; 5,128,354; 5,149,540;

5,389,630; 5,415,863; 5,436,260; 5,447,712; 5,482,960;
5,478,844 and 3,504,090 relate to methods of treating hem-
orrhaging. U.S. Pat. Nos. 35,248,3507; 5,264,220; 5,382,569;
5,409,936; 5,443,848, 5,476,846; 5,480,645; 5,482,960 and
5,504,090 relate to thromboxane ligands. It 1s thus clear that
a great deal of research 1s currently mnvolved 1n thromboxane
ligands, especially for treating hemorrhaging and related
conditions.

SUMMARY OF THE INVENTION

We have found that certain bicyclic carboxylic acid
derivatives, wherein said bicyclic rings may be hydrocarbyl
or oxy hydrocarbyl, e.g. 7-[carboxylalkyl or alkenyl]-6-
lalkyl or alkenyl]-3-ox0-2,4-dioxobicyclo[3.2.1] octane
derivatives thereof, e.g. hydroxyl, mitro, amino, amido,
azido, oxime, thiol, ether and thiol ether derivatives of said
carboxy group are potent ocular hypotensive agents. We
have further found that these compounds are thromboxane
ligands and may have the umique ability, described herein, to
mimic the vasoconstrictor properties of thromboxane A2 and
its endoperoxide precursors, without causing concomitant
platelet aggregation, 1.e. blood clotting, and therefore said
compounds provide a diverse variety of medical uses. Their
potent vasoconstrictor properties may be safely used in
therapy as they do not cause the platelet aggregation and
resultant thrombosis that would arise from using known
thromboxane mimetics.

The vasoconstrictor properties would substantially reduce
blood flow 1n blood vessels and could be used to prevent
hemorrhaging associated with external or internal injuries
without the risk of thrombosis. These compounds may also
be used as surgical adjuncts to reduce the bleeding from
incisions at any anatomical location. Similarly, these com-
pounds would be useful 1n limiting the bleeding associated
with tooth extraction. The ability of these compounds to
prevent hemorrhage, without causing platelet aggregation
and resultant thrombosis, allows their safe application 1n
systemic diseases where hemorrhage occurs. For example,
bleeding from the gastro-intestinal tract associated with
hemorrhoids, inflammatory bowel diseases, or gastric and
peptic ulcer may be prevented. Bleeding associated with
stroke may be prevented. Bleeding associated with stroke
may be reduced without causing thrombosis and a poten-
tially fatal complication. Bleeding 1s also a frequent com-
plication in retinal diseases and surgeries resulting in
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impaired vision. This would also be amenable to safe
treatment by the vascular-selective thromboxane mimetics
described herein. Excessive bleeding associated with men-
struation, childbirth, and uterine dysfunction may also be
safely treated.

The selective vasoconstrictor properties of these com-
pounds may be used to treat systemic hypotension. They
may also be employed to restore normal blood pressure in
haemorragic, anaphylactic, or septic shock episodes, without
the serious rnisks associated with typical thromboxane
mimetics which would result from their pro-aggregatory
cllects on platelets.

The selective vasoconstrictor properties may also be used
to provide local anti-inflammatory eflects 1n tissues such as
the eye, skin, and nose. They may also be used to limit
plasma exudation 1n bums and scalds.

A thromboxane-like vasoconstrictor that does not cause
platelet aggregation may also be useful 1n optimizing blood
born delivery of drugs and diagnostics in encapsulating
vehicles. For example, delivery of drugs or diagnostic
substances encapsulated 1n heat-sensitive or light-sensitive
liposomes to the retina may be safely enhanced by agents
described hereimn which selectively produce vasoconstric-
tion.

Additionally, certain of the bicyclic carboxylic acid
derivatives of the present invention are useful as thrombox-
ane antagonists for treating systemic or pulmonary hyper-
tension, myocardial 1schemia, angina pectoris, coronary
contraction, cerebrovascular contraction after subarachnoi-
dal hemorrhage, cerebral hemorrhage and asthma.

Finally, the protound ocular hypotensive activity of these
cyclic carbonate compounds 1s unexpected, given that the
benchmark thromboxane/endoperoxide mimetic U-46619
(Coleman, R. A., et. al., Br. J. Pharmacol. 73:773-778, 1981)
causes ocular hypertension in primates. The compounds
herein would, therefore, be usetul for treating glaucoma and
ocular hypertension. They may be particularly useful as
ocular surgical adjuncts for preventing ocular hypertensive
episodes and reducing local bleeding that may occur post-
surgically without complications inherent 1n blood clotting.

The present invention relates to methods of treating ocular
hypertension and other diseases and conditions wherein
thromboxane ligands are usetul for treating which comprises
administering an effective amount of a bicyclic carboxylic
acid derivative represented by the formula I

/A—X
A
NP

(CHZ)H

wherein Y 1s (CH,)_, Z 1s selected from the group consisting,
of

O

0, OCH,, 0—C—0

and (CR,)_, x 1s an mteger of 1 or 2, n 1s O or 1; R, 1s
hydrogen or an alkyl radical of from 1 to 4 carbons, e.g.
methyl, or ethyl; A 1s an alkylene or alkenylene radical
having from two to seven carbon atoms, e.g. about four to
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s1X carbon atoms, which radical may be substituted with one
or more hydroxy, oxo, alkyloxy or alkylcarboxy groups or
said alkylene or alkenylene may have one or more enchained
oxa or 1mino radicals; B 1s a methyl radical or a cycloalkyl
radical having from three to seven carbon atoms, €.g. about
five to six carbon atoms, or an aryl radical, selected from the
group consisting of hydrocarbyl aryl and heteroaryl radicals
wherein the heteroatom 1s selected from the group consisting
of nitrogen, oxygen and sulfur atoms; and X 1s selected from
the group consisting of mitro, cyano, —COOR, —CH,OR,,
—C(O)N(R;)-, —CH,N(R,),—CH=N-—OH and
—CH SR, radicals, wherein R 1s C, to C,, alkyl, phenyl or
benzyl and R, 1s R or hydrogen; or a pharmaceutically
acceptable salt thereof. For example, A may be a straight
chain alkylene radical, e.g. heptylene, or alkenylene radical,
¢.g. 3-hydroxy-1-heptylenyl, or an ethylenyloxyethylenyl
radical or amino carbonyl hydrazino methyl radical and B
may be selected from the group consisting of methyl,
cyclopentyl, cyclohexyl, phenyl, thienyl, furanyl, pyridyl,
ctc. B may also be substituted by radicals selected from the
group consisting of halo, e.g. fluoro, chloro, 10do etc., nitro,
amino, thiol, hydroxy, alkyloxy, alkylcarboxy, etc. Prefer-
ably, B 1s methyl, cyclohexyl or phenyl.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

The present invention relates to the use of the compounds
of formula I, above, as ocular hypotensives or a thrombox-
ane ligands.

Preferably, the present invention relates to the use of a
7-[carboxylalkyl or alkenyl]-6-[alkyl or alkenyl]-3-0x0-2,4-
dioxobicyclo[3.2.1] octane derivative, e.g. a hydroxyl, nitro,
amino, amido, azido, oxime, thiol, ether or thiol ether
derivative as thromboxane ligands. These preferred thera-
peutic agents are represented by compounds having the
formula 1I,

0O A—X
O=<
O A—B

wherein A, B and X are as defined above.

For the purpose of this invention, unless further limited,
the term “aliphatic” means linear and branched alkylene and
alkenylene radicals, the terms “alkylene” and “alkenylene™
mean divalent radicals derived from alkanes and alkenes,
respectively. The term “alkyl” refers to alkyl groups having
from one to ten carbon atoms, the term “cycloalkyl” refers
to cycloalkyl groups having from three to seven carbon
atoms, the term “aryl” refers to aryl groups having from four
to ten carbon atoms. The term “saturated or unsaturated
acyclic hydrocarbon group™ 1s used to refer to straight or
branched chain, saturated or unsaturated hydrocarbon
groups having from one to about six, preferably one to about
four carbon atoms. Such groups include alkyl, alkenyl and
alkynyl groups of appropriate lengths, and preferably are
alkyl, e.g. methyl, ethyl, propyl, butyl, pentyl, or hexyl, or
an 1someric form thereof.

More preferably the method of the present invention
comprises administering a 7-[carboxyalkyl or alkenyl]-6-
lalkyl or alkenyl]-3-0x0-2,4-dioxobicyclo[3.2.1] octane
derivative represented by the formula II1,
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wherein either the a or o chain may be unsaturated, 1.e. the
dashed bonds represent a single bond or a double bond
which can be 1n the ci1s or trans configuration and R, 1s =0,
—OH or —O(CO)R,; wherein R 1s a saturated or unsatur-
ated acyclic hydrocarbon group having from 1 to about 20
carbon atoms, or —(CH,) R., wherein m 1s 0-10, preterably
0—4; and R, 1s an aliphatic ring from about 3 to about 7
carbon atoms, or an aryl or heteroaryl ring, as defined above;
or a pharmaceutically acceptable salt thereof.

Preferably the denivative used in the above method of
treatment 1s a compound of formula IV,

O ‘\‘ﬁ“\ \ . /\/\ -

~

O

R3

wherein hatched lines indicate the o configuration and a
solid triangle 1s used to indicate the 3 configuration.

As an aromatic ring, R, preferably 1s phenyl, and the
heteroaromatic rings have oxygen, nitrogen or sulfur as a
heteroatom, 1.e., R, may be thienyl, furanyl, pyndyl, etc.

In a turther aspect, the present invention relates to phar-
maceutical compositions comprising a therapeutically etlec-
tive amount of a compound of formulae (1), (II), (III) or IV
wherein the symbols have the above meanings, or a phar-
maceutically acceptable salt thereof 1n admixture with a
non-toxic, pharmaceutically acceptable carrier or liquid
vehicle.

Preferred representatives of the compounds within the
scope of the present invention are the compounds of formula
[V wherein X are —COOR, —CH,OH and —C(O)N(R, ),,
wherein R and R 1s defined above, and the pharmaceutically
acceptable salts thereof. Specific compounds within the
scope of this invention are as follows:

/-] 6-carbomethoxy-2-cis-hexenyl-6-[3c-hydroxy-1-trans-
octenyl]-3-ox0-2,4-dioxobicyclo[3.2.1]octane

/-] 6-carbomethoxy-2-cis-hexenyl-6-[3a-pivaloyloxy-1-
trans-octenyl]-3-oxo0-2,4-dioxobicyclo[3.2.1]octane

/-] 7-hydroxy-2-cis-heptenyl-6-[3a.-hydroxy-1-trans-octe-
nyl]-3-o0x0-2,4-dioxobicyclo[3.2.1]octane

/-] 6-carbobenzoxy-2-cis-hexenyl-6-[3a.-hydroxy-1-trans-
octenyl]-3-0x0-2,4-dioxobicyclo[3.2. 1]octane

/-] 6-carbobenzoxy-2-cis-hexenyl]-6-[3a.-p1valoyloxy-1-
trans-octenyl]-3-0x0-2,4-dioxobicyclo[3.2.1]octane

/-] 6-carboamino-2-cis-hexenyl-6-[3o.-hydroxy-1-trans-
octenyl]-3-0x0-2,4-dioxobicyclo[3.2.1]octane

/-] 6-carboisopropylamino-2-cis-hexenyl]-6-[3c.-hydroxy-
1-trans-octenyl]-3-0x0-2,4-dioxobicyclo[3.2.1]octane

/-] 6-carboxy-2-cis-hexenyl]-6-[3a-pivaloloxy-1-trans-
octenyl]-3-ox0-2,4-dioxobicyclo[3.2.1]octane
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6
[1R-[1a.,40.,5B3(Z),60.(1E,35%)-7-[6-(3-hydroxy-1-octenyl)-
2-oxabicyclo[2.2.1]hept-5-yl]-5-hepten-1-o0l
[1S-[1a,23(Z2),3(1E,3R*),5a]]-7-[3-(3-hydroxy-1-octenyl)-
6,6-dimethybicyclo[3.1.1 Jhept-2-yl]-5-hepten-1-ol
[1S-[1a,2a(Z),3(1E,35%),4a]]-7-[3-(3-hydroxy-4-(4-10-
dophenoxy)-1-butenyl]-7-oxabicyclo[2.2.1 |hept-2-y1]-5-
hepten-1-ol
[1S-[10.,20.(57),3a.,4a]]-7-[3-]|2-(phenylamino)-carbonyl]
hydrazino |methyl]-7-oxabicyclo[2.2.1 Jhept-2-y1]-5-hep-
ten-1-ol
A pharmaceutically acceptable salt 1s any salt which
retains the activity of the parent compound and does not
impart any deleterious or undesirable effect on the subject to
whom 1t 1s administered and 1n the context in which 1t 1s
administered. Such salts are those formed with pharmaceus-

tically acceptable cations, e.g., alkali metals, alkali earth
metals, amines, etc.

The compounds utilized 1n the method of the present
invention can be prepared and admimistered 1n a wide variety
of oral and parenteral dosage forms. Thus, the compounds of
the present invention can be administered by injection, that
1s, mtravenously, mtramuscularly, intracutaneously, subcu-
taneously, intraduodenally, or intraperitoneally. Also, the
compounds of the present invention can be administered by
inhalation, for example, intranasally. Additionally, the com-
pounds of the present mnvention can be administered trans-
dermally. It will be obvious to those skilled 1n the art that the
following dosage forms may comprise as the active com-
ponent, either a compound of formulas 1 through IV or a
corresponding pharmaceutically acceptable salt of a com-
pound of formulas 1 through IV.

For preparing pharmaceutical compositions from the
compounds of the present invention, pharmaceutically
acceptable carriers can be either solid or liquid. Solid form
preparations 1include powders, tablets, pills, capsules,
cachets, suppositories, and dispersible granules. A solid
carrier can be one or more substances which may also act as
diluents, tlavoring agents, binders, preservatives, tablet dis-
integrating agents, or an encapsulating material.

In powders, the carrier 1s a finely divided solid which 1s
in a mixture with the finely divided active component.

In tablets, the active compounds 1s mixed with the carrier
having the necessary binding properties in suitable propor-
tions and compacted in the shape and size desired.

The powders and tablets preferably contain from five or
ten to about seventy percent of the active compound. Suit-
able carriers are magnesium carbonate, magnesium stearate,
talc, sugar, lactose, pectin, dextrin, starch, gelatin, traga-
canth, methylcellulose, sodium carboxymethylcellulose, a
low melting wax, cocoa butter, and the like. The term
“preparation” 1s intended to include the formulation of the
active compound with encapsulating material as a carrier
providing a capsule in which the active component with or
without other carriers, 1s surrounded by a carrier, which 1s
thus 1n association with 1t. Similarly, cachets and lozenges
are included. Tablets, powders, capsules, pills, cachets, and
lozenges can be used as solid dosage forms suitable for oral
administration.

For preparing suppositories, a low melting wax, such as a
mixture of fatty acid glycerides or cocoa butter, 1s first
melted and the active component 1s dispersed homoge-
neously therein, as by stirring. The molten homogeneous

mixture 1s then poured into convenient sized molds, allowed
to cool, and thereby to solidify.

Liquid form preparations include solutions, suspensions,
and emulsions, for example, water or water/propylene glycol
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solutions. For parenteral injection liquid preparations can be
formulated 1n solution 1n aqueous polyethylene glycol solu-
tion.

Aqueous solutions suitable for oral use can be prepared by
dissolving the active component in water and adding suit-
able colorants, flavors, stabilizing and thickening agents as
desired.

Aqueous suspensions suitable for oral use can be made by
dispersing the finely divided active component 1n water with
viscous material, such as natural or synthetic gums, resins,
methylcellulose, sodium carboxymethylcellulose, and other
well-known suspending agents.

Also 1included are solid form preparations which are
intended to be converted, shortly before use, to liquid form
preparations for oral administration. Such liquid forms
include solutions, suspensions, and emulsions. These prepa-
rations may contain, 1 addition to the active component,
colorants, flavors, stabilizers, bufllers, artificial and natural
sweeteners, dispersants, thickeners, solubilizing agents, and
the like.

The pharmaceutical preparation 1s preferably 1 unit dos-
age form. In such form the preparation 1s subdivided into
unit: doses contaiming appropriate quantities of the active
component. The unit dosage form can be a packaged prepa-
ration, the package contaiming discrete quantities of prepa-
ration, such as packeted tablets, capsules, and powders in
vials or ampoules. Also, the unit dosage form can be a
capsule, tablet, cachet, or lozenge itself, or 1t can be the
appropriate number of any of these 1n packaged form.

The quantity of active component 1n a unit dose prepa-
ration may be varied or adjusted from 0.1 mg to 100 mg
preferably 0.5 mg to 100 mg according to the particular
application and the potency of the active component. The
composition can, 1f desired, also contain other compatible
therapeutic agents.

In therapeutic use, the compounds utilized 1n the method
of this mnvention are administered at the initial dosage of
about 0.01 mg to about 10 mg/kg daily. The dosages,
however, may be varied depending upon the requirements of
the patient, the severity of the condition being treated, and
the compound being employed. Determination of the proper
dosage for a particular situation 1s within the skill of the art.
Generally, treatment 1s 1mitiated with smaller dosages which
are less than the optimum dose of the compound. Thereatter,
the dosage 1s increased by small increments until the opti-
mum eilect under the circumstances 1s reached. For conve-
nience, the total daily dosage may be divided and adminis-
tered 1n portions during the day, if desired.

Pharmaceutical compositions for treating glaucoma or
lowering intraocular pressure may be prepared by combin-
ing a therapeutically effective amount of at least one com-
pound according to the present mvention, or a pharmaceu-
tically acceptable salt thereof, as an active ingredient, with
conventional ophthalmically acceptable pharmaceutical
excipients, and by preparation of unit dosage forms suitable
for topical ocular use. The therapeutically etflicient amount
typically 1s between about 0.0001 and about 5% (w/v),
preferably about 0.001 to about 1.0% (w/v) 1 liquid for-
mulations.

For ophthalmic application, preferably solutions are pre-
pared using a physiological saline solution as a major
vehicle. The pH of such ophthalmic solutions should pret-
crably be maintained between 4.5 and 8.0 with an appro-
priate buller system, a neutral pH being preferred but not
essential. The formulations may also contain conventional,
pharmaceutically acceptable preservatives, stabilizers and
surfactants.
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Preferred preservatives that may be used in the pharma-
ceutical compositions of the present invention include, but
are not limited to, benzalkonium chloride, chlorobutanol,
thimerosal, phenylmercuric acetate and phenylmercuric
nitrate. A preferred surfactant 1s, for example, Tween 80.
Likewise, various preferred vehicles may be used in the
ophthalmic preparations of the present invention. These
vehicles include, but are not limited to, polyvinyl alcohol,
povidone, hydroxypropyl methyl cellulose, poloxamers, car-
boxymethyl cellulose, hydroxyethyl cellulose cyclodextrin
and purified water.

Tonicity adjustors may be added as needed or convenient.
They include, but are not limited to, salts, particularly
sodium chloride, potassium chloride, mannitol and glycerin,
or any other suitable ophthalmically acceptable tonicity
adjustor.

Various buflers and means for adjusting pH may be used
so long as the resulting preparation 1s ophthalmically accept-
able. Accordingly, buflers include acetate buflers, citrate
buflers, phosphate builers and borate buflers. Acids or bases
may be used to adjust the pH of these formulations as
needed.

In a similar vein, an ophthalmically acceptable antioxi-
dant for use 1n the present invention includes, but 1s not
limited to, sodium metabisulfite, sodium thiosulfate, acetyl-
cysteine, butylated hydroxyanisole and butylated hydroxy-
toluene.

Other excipient components which may be included in the
ophthalmic preparations are chelating agents. The preferred
chelating agent 1s edentate disodium, (sodium EDTA)
although other chelating agents may also be used 1n place of
or 1n conjunction with 1t.

The 1ngredients are usually used in the following
amounts:

Ingredient Amount (% w/v)

active 1ngredient about 0.001-5

preservative 0-0.10

vehicle 040

tonicity adjustor 0-10

bufler 0.01-10

pH adjustor g.s. pH 4.5-7.5
antioxidant as needed
surfactant as needed

purified water as needed to make

100%

The actual dose of the active compounds of the present
invention depends on the specific compound, and on the
condition to be treated; the selection of the appropriate dose
1s well within the knowledge of the skilled artisan.

The ophthalmic formulations of the present mnvention are
conveniently packaged in forms suitable for metered appli-
cation, such as i1n containers equipped with a dropper, to
facilitate application to the eye. Containers suitable for
dropwise application are usually made of suitable 1nert,
non-toxic plastic material, and generally contain between
about 0.5 and about 15 ml solution. One package may
contain one or more unit doses.

Especially preservative-free solutions are often formu-
lated 1n non-resealable containers containing up to about ten,
preferably up to about five units doses, where a typical unit
dose 1s from one to about 8 drops, preferably one to about
3 drops. The volume of one drop usually 1s about 2035 ul.

This mvention 1s further illustrated by the following
non-limiting examples.
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EXAMPLE 1

Cyclopentane Heptenoic Acid, 5-Cis-2-(3a.-t-Bu-
tyldimethyl-Silyloxy-1-Trans-Octenyl)-3,5-Dihy-
droxy, [1a, 203, 3a, Sa]Methyl Ester

PGF2a. (542 mg, 1.53 mmol) was dissolved 1n ethylether
(Et,0) (20 mL) and cooled to 0° C. A solution of CH,N, 1n
Et,O was added dropwise to the above suspension until a
yellow color persisted. The solution was warmed to 25° C.
for 0.5 h and then concentrated in vacuo to yield PGF 2a
methyl ester as an oil.

The crude ester was heated at retlux with n-butyl boronic
acid (0.188 g, 1.84 mmol) in CH,CI1,(3.1 mL) for 2 h. The
volatiles were removed under vacuum to yield the crude
boronate ester which was immediately diluted with CH,(Cl,
(3 mL) and cooled to 0° C. 2,6-Lutidine (0.43 mlL, 3.7
mmol) was added followed by t-butyldimethylsilyl trifluo-
romethane-sulfonate (0.67 mL, 2.9 mmol). The reaction
solution was then warmed to 23° C. for 16 h, concentrated,
and rediluted with methanol (40 mL). After stirring for 24 h,

the methanol was removed under vacuum and the residue
was purified by FCC (2:1 hexane (hex)/ethyl acetate
(EtOAC), silica gel) to yield (0.697, 92% vyield) of the named

product as an oil.

EXAMPLE 2

/-] 6-Carbomethoxy-2-Cis-Hexenyl]-6-[ 3a-t-Bu-
tyldimethylsilyloxy-1-Trans-Octenyl]-3-Oxo0-2,4-
Dioxobicyclo[3.2.1]Octane

149 mg (0.318 mmol) of the compound of Example 1
were dissolved 1n 1.6 ml of CH,CI, and cooled to at —=78° C.
0.154 mL (0.6 mmol) of pyridine were then added and
stirring was continued for 5 minutes. 48 mg (0.5 mmol) of
triphosgene dissolved in 1 mL. CH,Cl, was slowly added and
the resulting mixture was stirred for an additional hour
before being allowed to slowly warm to room temperature.
After standing overnight the reaction was quenched with
saturated aqueous NH,Cl, diluted with EtOAc and the
resulting reaction mixture was worked up washing the
organic portion with 1 N HCI, NaHCO, and brine. The
organic layer was dried over anhydrous MgSQO,, filtered an
concentrated 1 vacuo to yield 149 mg of a crude fraction
including the named compound.

EXAMPLE 3

7-17-Hydroxy-2-Cis-Hyptenyl]-6-[3a.-t-Butyldim-
cthylsilyloxy-1-Trans-Octenyl]-3-Oxo0-2,4-Di1oxobi-
cyclo[3.2.1]Octane

73 mg (0.143 mmol) of the compound of Example 2 were
dissolved 1 a 0.28 mL of ethylether (Et,O) and then 3.0 mg
of lithtum borohydride (LiBH,) were added and the mixture
stirred at 23° C. overnight. The reaction was quenched using
2.0 N NaOH and the resulting reaction mixture was worked
up by extraction with EtOAc and washing the organic
portion with brine. The resulting organic layer was concen-
trated 1n vacuo and dried over anhydrous MgSQO, to yield 63
mg of the named compound.
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EXAMPLE 4

7-1'7-Hydroxy-2-Cis-Heptenyl]-6-[3a-Hydroxy-1-
Trans-Octenyl]-3-Ox0-2,4-Dioxobicyclo[3.2.1]O0c-
tane

14 mg (0.03 mmol) of the compound of Example 3 were
dissolved 1n TBF and 0.045 mL of a 1.0 M solution of
tetrabutyl ammonium fluoride (Bu,NF) were added. After
stirring under argon at room temperature for 5 hours the
resulting reaction mixture was worked up by dilution with
EtOAc and washing with H,O. The organic layer was dried
over anhydrous MgSQO,, filtered, and concentrated in vacuo
to yield 83 mg of crude product. The crude product was
purified by elution on silica gel with a solution of 60%
EtOAc 1n hexane to yield the named compound.

EXAMPLE 4a

Cyclopentane Heptenoic Acid, 5-Cis-2-(3-t-Bu-
tyldimethylsilyloxy-1-Trans-Octenyl)-3,5-Dihy-
droxy, [1a, 203, 3a, Sa]Benzyl Ester

A solution of the ester of Example 1 (556 mg, 1.17 mmol)
in 0.5 N aqueous lithium hydroxide (3.5 mL, 1.76 mmol)
and THF (7.0 mL) was stirred at 23° C. for 24 h and acidified
with 10% citric acid. The mixture was extracted with EtOAc
and the combined organics were dried (MgSO,), filtered and
concentrated 1n vacuo.

The crude residue was treated with O-benzyl-N,N'-di1so-
propylisourea (0.41 g, 1.76 mmol) and heated to 65° C. n
benzene (7.0 mL) for 24 h. The reaction was cooled to room
temperature and stripped of the solvent. Flash column chro-
matography (silica gel, 2:1 hexane/EtOAc) of the residue
gave 553 mg (85%) of the named compound.

EXAMPLE 5

7-]6-Carbobenzoxy-2-Cis-Hexenyl]-6-[3a-t-Bu-
tyldimethylsilyloxy-1-Trans-Octenyl]-3-Ox0-2,4-
Dioxobicyclo[3.2.1]Octane

330 mg (0.591 mmol) of the compound of Example 4a
were treated 1n accordance with the procedure of Example 2
to yield 235.7 mg (68% vield) of the named compound.

EXAMPLE 6

7-16-Carbobenzoxy-2-Cis-Hexenyl]-6-[3a-Hydroxy-
1-Trans-Octenyl]-3-Oxo0-2,4-Dioxobicyclo[3.2.1]
Octane

60 mg (0.1037 mmol) of the compound of Example 5 in
1.0 mLL of THF was treated with 0.20 mL a 1.0 M solution

of Bu,NF and stirred at 23° C. for 16 hours. The reaction
mixture was diluted with FtOAc, and then washed, consecu-
tively, with H,O and brine and dried over anhydrous
MgSQO,. The drnied organic phase was filtered and the filtrate
concentrated under vacuum. Flution on silica gel with a 1:1
mixture of hexane and EtOAc yielded 29.7 mg (62% vield)
of the named compound.
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EXAMPLE 7

7-]6-Carboxy-2-Cis-Hexenyl]-6-[3a-Hydroxy-1-
Trans-Octenyl]-3-Ox0-2,4-Dioxobicyclo[3.2.1]0c-
tane

A suspension of 25 mg (0.0531 mmol) of the compound
of Example 6 and 8 mg of a catalyst comprising 10%
Palladium, by weight, on carbon 1n a 1:4 mixture 1-methyl-
1,4-cyclohexadiene and methanol (1.25 mL) was heated at
35° C. In 20 minutes the reaction was complete and the
reaction mixture was diluted with CH,Cl, and filtered. The
filtrate was concentrated 1in vacuo and eluted on silica gel

with EtOAc to yield 20 mg (99% vyield) of the named
compound.

EXAMPLE 8

Cyclopentane Heptenoic Acid, 5-Cis-2-(30.-Hy-
droxy-1-Trans-Octenyl)-3,5-Hydroxy, [1a, 28, 3a,
Sa]Benzyl Ester

1.75 g (4.93 mmol) of the prostaglandin F,_, were mixed
with 1.73 g (7.40 mmol) of O-benzyl-N,N'-duisopropyli-
sourea 1n 25 mL of benzene and heated to 65° C. for 4 h.
After removal of the solvent, treatment by consecutive
clution on silica gel with a 1:1 mixture of hexane and EtOAc
tollowed by 95:5 mixture of EtOAc and methanol gave 2.08

g (95% vield) of the named compound.

EXAMPLE 9

Cyclopentane Heptenoic Acid, 5-Cis-2-(3a.-Pivaloy-
loxy-1-Trans-Octenyl)-3,5-Dihydroxy, [1a, 2[5, 3,
Sa]Benzyl Ester

1.13 gm (2.54 mmol) of the compound of Example 8 and
0.39 ¢ (3.81 mmol) of n-butylboronic acid in 28 mL of
toluene were heated at reflux for 72 hours with azeotropical
removal of water. The reaction mixture was cooled to 23° C.

and concentrated 1 vacuo. The residue was diluted with
CH Cl, and allowed to react with 0.77 mL (3.81 mmol) of
trimethylacetylchloride, 1.06 mL (7.63 mmol) of triethy-
lamine and 135 mg (1.27 mmol) of DMAP (4-dimethylami-
nopyridine) at 23° C. for 48 hours. The resulting reaction
mixture was concentrated, 1n vacuo, dissolved in methanol
and stirred overnight. The methanol was removed 1n vacuo
and the residue was purified by elution on silica gel with a
2:1 mixture of hexane and EtOAc to afford 0.87 gm (65%

yield) of the named compound was obtained.

EXAMPL.

10

(Ll

Cyclopentane Heptenoic Acid, 5-Cis-2-(3a-Pivaloy-
loxy-1-Trans-Octenyl)-3-Hydroxy,5-Imidazolyloxy

[1a, 2P, 3a, Sa]Benzyl Ester

211 mg (0.399 mmol) of the compound of Example 9 and
7777 mg (0.479 mmol) of 1,1-carbonyldiimidazole were
dissolved in 1.0 mL of CH,Cl, and stirred for 24 hours at 23°

C. to yield the named compound.

- heated to 45° C. for 48 hours.

15

20

25

30

35

40

45

50

55

60

65

12
EXAMPL.

(L]

11

7-]6-Carbobenzoxy-2-Cis-Hexenyl]-6-[3a-Pivaloy-
loxy-1-Trans-Octenyl]-3-Ox0-2,4-Dioxobicyclo
|3.2.1]Octane

0.133 mmol of the compound of Example 10 and 0.14 mL
(1.33 mmol) of t-butylamine dissolved in CH,Cl, were
The reaction mixture was
cooled to room temperature, concentrated in vacuo and
cluted on silica gel with a 3:1 mixture of hexane and EtOAc
to yield 31 mg (42% vyield) of the named compound.

EXAMPLE 12

7-]6-Carboxy-2-Cis-Hexenyl]-6-[3a.-Pivaloyloxy-1 -
Trans-Octenyl]-3-Ox0-2,4-Dioxobicyclo[3.2.1]Oc-
tane

The compound of Example 11 was treated according to
the procedure of Example 7 to yield the named compound.

EXAMPLE 13

Cyclopentane Heptenamide, 5-Cis-2-[3c-t-Bu-
tyldimethylsilyloxy-1-Trans-Octenyl)-3,5 Dihy-
droxy, [1a., 203, 3a, 5d]

460 mg (0.954 mmol) of the compound of Example 1 was
reacted with an excess of NH; 1n 6.0 mL of methanol to yield
a solution including the named compound. The excess
solvent and unreacted NH, were evaporated and the residue

was purified by elution on silica gel, consecutively, with
100% EtOAc followed by a 9:1 mixture of CH,Cl, and

methanol to yield 395 mg (89% vyield) of the named com-
pound.

EXAMPLE 14

7-]6-Carboamino-2-Cis-Hexenyl]-6-[ 3a-t-Butyldim-
cthylsilyloxy-1-Trans-Octenyl]-3-Ox0-2,4-Dioxobi-
cyclo[3.2.1]Octane

256 mg (0.548 mmol) of the compound of Example 13, 5

mg (0.040 mmol) of 4-dimethylamino pyridine (DMAP) and
98 mg. (0.602 mmol) of 1,1 carbonyldiimidazole were
reacted 1n 1.5 ml of CH,CIl,, for 24 hours at 23° C. The
resulting reaction solution was concentrated in vacuo and
the residue purified by elution with 100% EtOAc. The
resulting reaction product was stirred with 71 uLL DBU
(0.474 mmol) 1n 1.0 mL of benzene for 24 hours at 23° C.
After concentration 1n vacuo and elution on silica gel with
a 2:1 mixture of EtOAc and hexane, 25 mg (10% vield) of

the named compound were obtained.

EXAMPLE 15

7-]6-Carboamino-2-Cis-Hexenyl]-6-[ 3a-Hydroxy-1-
Trans-Octenyl]-3-Ox0-2,4-Dioxobicyclo[3.2.1]Oc-
tane

The compound of Example 14 was converted into the
named compound at 95% yield by the procedure of Example

0.
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EXAMPL,

(L]

16

7-]6-Carboxy-2-Cis-Hexenyl]-6-[3a-t-Butyldimeth-
ylsilyloxy-1-Trans-Octenyl]-3-Ox0-2,4-Dioxobicy-
clo[3.2.1]Octane

156 mg (0.267 mmol) of the compound of Example 35
were treated 1n accordance with the procedure as Example 7
to yield the corresponding carboxylic acid (99%) yield).

EXAMPL.

17

(Ll

7-]6-Carboisopropylamino-2-Cis-Hexenyl]-6-[3¢.-
Hydroxy-1-Trans-Octenyl]-3-Oxo0-2,4-Dioxobicyclo
|3.2.1]0Octane

75 mg (0.151 mmol) of the compound of Example 16 in
CH,Cl, were reacted with 1.5 mL of SOCI, at 0° C. for 1 h.
69 mg (1.17 mmol) of 1sopropylamine were added and the
resultant solution was warmed to 23° C. for 16 h to yield a
reaction mixture which upon removal of the excess solvent
and purification by elution on silica gel with a 1:1 mixture
ol hexane and EtOAc gave 4.8 mg (8% vield) of the named
compound.

EXAMPLE 18A

Cyclopentane Heptenoic Acid, 5-Cis-2-(3a.-Pivaloy-
loxy-1-Trans-Octenyl)-3,5-Dihydroxy, [1a, 23, 3a.,
Sa]Methyl Ester

PGF, o methyl ester (prepared as described in Example 1)
was treated according to the procedure of Example 9 to yield
the named compound.

EXAMPLE 18B

Cyclopentane Heptenoic Acid, 5-Cis-2-(3a.-Pivaloy-
loxy-1-Trans-Octenyl)-3-Hydroxy, 3-Imidazolyoxy,
[1a, 2P, 3a, Sa]Methyl Ester

A solution of the compound of Example 18A (75 mg
0.166 mmol) 1n THF (1.0 mL) was heated to 50° C. and

triphosgene (16.4 mg, 0.0553 mmol) was added. After 2 h
imidazole (22.6 mg, 0.332 mmol) was added and a white
precipitate formed immediately. The reaction was stirred an
additional 16 h, allowed to cool to room temperature, and
concentrated 1n vacuo. Purification of the residue by FCC

(1:1 hex/EtoAc, silica gel) aflorded the 45.3 mg of the
named compound, 1.¢ 50% vield.

EXAMPLE 18C

7-]6-Carbomethoxy-2-Cis-Hexenyl]-6-[3c.-Pivaloy-
loxy-1-Trans-Octenyl]-3-Ox0-2,4-Dioxobicyclo
|3.2.1]0Octane

A solution of the compound of Example 18B (17.4 mg,
0.032 mmol) 1 benzene (0.75 mL) was treated with 1,8-
diazabicyclo [5.4.0Jundec-7-ene (DBU) (24 ul, 0.159
mmol) at 23° C. After 12 h the reaction solution was
concentrated 1n vacuo and the residue was purified by FCC
(1:1 hex/EtoAc, silica gel) to give 12.9 mg (85% vyield) of
the named compound.
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EXAMPLE 19

[1R-[10.,40.,5p(Z),6a(1E,35%)-7-[6-(3-hydroxy-1-
octenyl)-2-oxabicyclo[2.2.1]hept-5-y1]-5-hepten-1-ol

A solution of U-46619 (10 mg, 0.0285 mmmnol) 1n methyl
acetate (1.0 mL) was treated with diazomethane 1n ether
(~12 mL) at O°. The resultant yellow solution was allowed
to warm to room temperature, concentrated 1n vacuo to give
10.3 mg (99%) of the methyl ester of U-46619.

Lithium borohydride (28 ul of a 2.0 M solution 1n
tetrahydrofuran THEF, 0.0565 mmol) was added to a solution
of the methyl ester of U-46619 (10.3 mg, 0.282 mmol) 1n
diethylether (Et,O)(1.5 mL) at 23° C. After 24 h TLC
indicated only a lower Ri product. The reaction was
quenched with IN NaOH, stirred 1 h and extracted with
CH,Cl,. The organic portion was dried over Na,SO,, fil-
tered and concentrated in vacuo. Flash column chromatog-
raphy (silica gel, 1:1 hexane/EtOAc) gave 9.0 mg (95%) of

alcohol.

EXAMPL.

(Ll

20

[1S-[1a,2p(Z),3(1E,3R*), 5a]]-7-[3-(3-hydroxy-1-
octenyl)-6,6-dimethylbicyclo[3.1.1]hept-2-y1]-3-
hepten-1-ol

The title compound was prepared in accordance with the
procedures described above 1 Example 19 with Pinane
thromboxane A, replacing U-46619.

EXAMPL.

21

(Ll

[1S-[1a,200(Z),3B(1E,35%),4ct]]-7-[3-(3-hydroxy-4-
(4-10dophenoxy)-1-butenyl]-7-oxabicyclo[2.2.1]
hept-2-yl]-5-hepten-1-ol

The title compound was prepared in accordance with the

procedures described above in Example 19 with I-BOP
replacing U-466109.

EXAMPL.

L1

22

[1S-[1a,2a(37),3a.,4a]]-7-[3-[ 2(phenylamino)car-
bonyl]-hydrazino]methyl]-7-oxabicyclo[2.2.1]hept-
2-yl]-5-hepten-1-ol

The title compound was prepared in accordance with the
procedures described above in Example 19 with SQ-29,548

replacing U-46619.

Prostanoid Receptor Activity

Activity at different prostanoid receptors was measured 1n
vitro 1n 1solated smooth muscle preparations. FP-activity
was measured as contraction ol the 1solated feline 1ris
sphincter. EP,-activity was measured as contraction of the
longitudinal smooth muscle of the 1solated guinea pig 1leum.
EP,-activity was measured as inhibition of the twitch
response induced by electrical field stimulation in the iso-
lated guinea pi1g was deferens and as contraction of the
longitudinal smooth muscle of the 1solated chick ileum.
TP-vasoconstrictor activity was measured as contraction of
rings of the 1solated rat thoracic aorta. Effects on platelets
from healthy human donors were measured by incubating
platelet-rich plasma with the compounds described herein.
Inhibition of aggregation was determined by the ability of
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the compounds described herein to inhibit platelet aggrega-
tion in platelet-rich plasma induced by 20 uM ADP. The

activity profile of various compounds 1s reported 1n Tables
1 and 7.

In addition, mnhibition by the thromboxane A2-receptor
antagonist S0Q29,548 ([1S-[1a.,2a(57),3a,4a]]-7-[3-[[2-
[phenylamino)carbonyl]-hydrazino |methyl]-7-oxabicyclo
[2.2.1]hept-2-y1]-3-heptenoic acid) of vasoconstrictor activ-
ity was 1nvestigated. For that purpose, activity of the
compound of Example 4, the compound of Example 7, and
U-46619 (9,11-dideoxy-9a.,11a-methanoepoxy prostaglan-
din F, ), a potent and stable thromboxane A, analog, was

measured 1n rings of the 1solated rat thoracic aorta, first in
the absence and then 1n the presence of SQ29,548 (1 uM).
The results are reported in Table 2.

EXAMPL.

L1l

23

Pharmacological Selectivity for a Tp-Receptor
Subtype Present on Vascular Smooth Muscle

Examination of Tables 1 and 7 reveals an unexpected and
unique trend in biological activity associated with certain
examples of formula IV. Typically, thromboxane (TP-)
receptor agonists indiscriminately cause both platelet aggre-
gation and smooth muscle contraction. It has, therefore,
been concluded that there 1s no convincing evidence that
subtypes of the TP-receptor exist (Jones, R. L., Wilson, N.
H., Armstrong, R. A., Tymkewycz, P. M. Colloque INSERM
152:335-344, 1987). Examples 4, 15 and 16 and 19 through
21 exhibit pronounced activity in contracting vascular
smooth muscle but have no or minimal ability to cause
platelet aggregation.

Further evidence 1s provided below to demonstrate that
the ability of examples 4, 15 and 16 and 19 through 21 to
cause contraction of vascular smooth without causing plate-
let aggregation involves selective stimulation of a subtype of
TP-receptor present on vascular smooth muscle.

1. A TP-receptor antagonmist blocks the effect of agonists
which are selective for the vascular TP-receptor (Example
4) and non-selective with respect to vascular and platelet
TP-receptors (Example 7, U-46619), see Table 2. This
shows that Example 4 and 1ts congeners, which show
selectivity for contracting vascular smooth muscle, pro-
duce their effect by mteracting with a subtype of TP-
receptor as opposed to some other type of eicosanoid
receplor.

2. The compound Example 4 neither causes platelet aggre-
gation nor inhibits the ability of U-46619. or Example 7
to cause platelet aggregation, see Table 3. Moreover,
Example 4 did not inhibit ADP or arachidonic acid
induced platelet aggregation (Table 4) and, therefore, its
activity cannot be ascribed to a mechanism which opposes
the aggregatory response, €.g., behaving as a prostacyclin
or prostaglandin D2 mimetic, inhibition of cyclooxyge-
nase.

Thus, 1t appears that certain examples of formula IV
selectively constrict smooth muscle by stimulating a TP-
receptor subtype which exists on smooth muscle but not on
platelets. Such antagonists may be useful 1n treating sys-
temic and local vasoconstriction and other indications with-
out concommitant inhibition of normal platelet function and
blood clotting.
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EXAMPL,

(L]

24

tects on Intraocular Pressure

[T

The effects of four examples of formula IV and the
thromboxane mimetic U-46619 on intraocular pressure are
provided i1n the following tables. The compounds were
prepared at the said concentrations 1n a vehicle comprising
0.1% polysorbate 80 and 10 mM TRIS base. Dogs and
monkeys were treated by administering 25 ul to the ocular
surface, the contralateral eye received vehicle as a control.
Intraocular pressure was measured by applanation pneuma-
tonometry. Experiments were performed with dogs and
monkeys. Dog intraocular pressure was measured immedi-
ately before drug administration and at 2, 4 and 6 hour
thereatter. Additional studies 1n monkeys were performed
over a 5 day period and drug was administered at times O,
6, 24, 30, 48, 54, 772, 78, and 96 hours. Monkey intraocular
pressure was recorded just before drug administration on
cach day and at the 2 and 4 hour time intervals between
dosing.

The examples of formula IV examined showed a pro-
nounced ocular hypotensive effect in both dogs and mon-
keys (Tables 5 and 6). In contrast, the thromboxane/endop-
eroxide mimetic U-46619 produced an i1ncrease 1n
intraocular pressure. Thus, the cyclic carbonate derivatives
described herein caused a profound decrease 1n intraocular
pressure which was unexpected given the absence of ocular
hypotensive activity associated with U-46619. Since the 1n
vitro pharmacological effects of the cyclic carbonate analogs
(a) cannot be attributed to stimulation of other known
prostanoid receptors and (b) are susceptible to a thrombox-
ane antagonist, 1t 1s concluded that the ocular hypotensive
activity of these compounds is related to selective stimula-
tion of a thromboxane receptor subtype.

The foregoing description details specific methods and
compositions that can be employed to practice the present
invention, and represents the best mode contemplated. How-
ever, 1t 1s apparent from one of ordinary skill 1n the art that
turther compounds with the desired pharmacological prop-
erties can be prepared 1n an analogous manner, and that the
disclosed compounds can also be obtained from different
starting compounds via different chemical reactions. Simi-
larly, different pharmaceutical compositions may be pre-
pared and used with substantially the same results. In
particular, other thromboxane ligands comprising a carboxy-
lic acid derivative may be prepared from the parent car-
boxylic acid to obtain thromboxane receptor agonists which
are useful 1n treating hemorrhage by constricting the car-
diovascular network without the side effect of causing blood
clotting or thromboxane antagonists, which are useful 1n
treating hypertension without the side eflect of causing
blood clotting. Thus, in general TRL-COOH, wherein TRL
represents a thromboxane receptor ligand residue may be
converted by methods known 1n the art to TRL-W, wherein
W 1s C(O)(NR,),, CH,OR,, CH, N(R,), or COOR wherein
R and R, are as defined above. Certain compounds which are
usetul as TRL-COOH are described in CRC Handbook of
Eicosanoids: Prostaglandins and Related Lipids Vol. I: Part
B, at pages 3540 and Developments 1n the Characterization
of Prostaglandin Endoperoxide/Thromboxane Receptors,
Colloque INSERM, Vol. 132, 1987, pp 3335 to 344 which
references also refer 1 many instances to methods for
preparing such compounds. These compounds are described
in Tables 8 and 9 below. In addition, the compounds
represented by formulae: I and II may have the following
orientation:
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TABLE 3
_,ﬂ'ﬁ"A_X Effect of Example 4 on
O ‘mA_X 5 Example 7 and U46619-induced Platelet Aggregation
Z Y '
O:< .
\I‘f W —n Agonist
CHy)n O— A — R Response: 10-7 M 10-6 M
% of Example 4 Example 4
Agonist: max response  pretreatment pretreatment
Thus, however detailed the foregoing may appear in text, 10 10-9 Example 7 )
it should not be constmed as limiting .the oyeral.l SCOPE 10-8 Example 7 704143 84 4 0.0 R0 490
hereof; rather, the ambit of the present invention i1s to be 3.3 x 10-8 Example 7 -8.8 + 1.3 00+ 1.6 73 4+ 0.7
governed only by the lawful construction of the appended 10-7 Example 7 100.5 + 2.2 07.8 + 1.7 99.5 + 1.7
claims.
TABLE 1
EFFECT OF EXAMPLES OF FORMULA IV AT
DIFFERENT PROSTANOID RECEPTOR SUBTYPES
COMPOUND ECs, (nM) VALUES AT
PROSTANOID RECEPTOR SUBTYPES
EP, EP;(c) EP;(d) TPTHSC
EP (Gummea  (Guinca Pig (Chick (Rat Platelets (Human) Inhibition
(Cat Iris) Pig leum) vas deferens) Ileum) Aorta) Aggregation of Aggregation

Example 7 433 1,240 282 245 0.23 24 N/A
Example 4 485 N/A 2,930  »107 1.0 107 N/A
Example 17 3,020 324 N/A N/A
Example 15 387 58 3,110 N/A

ECs5, (nM) = nM concentration required to produce a 50% of maximal response

TABLE 2 TABLE 3-continued
EFFECT OF THE THROMBOXANE (TP)-RECEPTOR 35 Effect of Example 4 on
E le 7 and U46619-induced Platelet A t1
ANTAGONIST SQ 29548 ON CONTRACTION OF THE RAT e e SO e Aesmer
AORTA PRODUCED BY EXAMPLES OF FORMULA IV .
Agonist
Response: 10-7 M 10-6 M
ECs0 at TPyq-RECEPTOR 40 % of Example 4 Example 4
Agonist: max response  pretreatment pretreatment
COMPOUND -5029,548 +5029,548
10-6 Example 7 103.0 + 1.9 95.3 + 0.9 96.5 + 0.9
Example 7 i 325 45 10-8 U46619 0
Example 4 0.9 454 10-7 U46619 -7.0 + 1.1 -55+ 1.1 -5.6 + 0.9
U-46619 13 3080 3.3 x 10-7 U46619 97.7 + 1.6 93.8 + 2.3 94.2 + 2.8
10-6 U46619 100.0 + 1.9 94.6 + 2.6 96.0 + 0.8
50
TABLE 4
TABLE 5
Effect of Example 4 on Agonist-Induced Platelet Aggregation Induced The effect of compounds of Formula IV and U-46619
by Arachidonic Acid and ADP (9,11-dideoxy-9a,11 0, methanoepoxy prostaglandin
55 F5 ) on dog intraocular pressure.
Agonist INTRAOCULAR PRESSURE
Response: 10-7 M 10-6 M CHANGES AT PREDETERMINED
o of Example 4 Example 4 TIMES (hr) AFTER DOSING
Agonist: max response pretreatment pretreatiment 60 FORMULA III  (Dose %) 7 R 4 UR 6 HR.
U-46619 0.1% +0.86 +1.75 +2.7
800 M 101.6 + 1.3 98.0 + 1.8 08.8 + 1.1 Example 7 0.01% _g 11 4 11 D5
Arachidonic Acid Example 4 0.1% —6.7%% —7 Tk —Q.5%%
20 UM ADP 100 + O (standard) 99.9 + 1.4 97.6 + 1.8 Example 11 0.1% —6.9%% =77 -9.4%%
Example 12 0.1% —3.8%* —4.]** —-6.9%*
2 uM ADP 73.8 + 11.17 68.3 + 12.9 73.1 + 14.3 65

**p < 0.01, Student’s paired t test.
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TABLE 6

The effect of compounds of Formula IV and U-46619 (9,11-dideoxy -
9a, 11a, methanoepoxy prostaglandin F,_) on

monkey mtraocular pressure.

INTRAOCULAR PRESSURE
CHANGES AT PREDETERMINED

Formula TIMES (HR) AFTER DOSING

[1I Dose (%) O 2 4 6 24 26 28 30 48 50
U-46619 0 **2.0 03 *1.0

Example 7 0.01% 0 =04 0O 0 -1.0 *32 *_46 -32 -1.8 -3.8

INTRAOCULAR PRESSURE
CHANGES AT PREDETERMINED

Formula TIMES (HR) AFTER DOSING
[11 52 54 72 74 76 78 96 9% 100
U-46619

Example 7 *-4.0 *-42 *42 -20 -32 -40 =20 =22 *-32

*p <« 0.05 Students’ paired t test
*Ep < 0.01

TABLE 7

ECsq (nM) Plalelets

(Rat Aorta) aggreg inhib
OH

U-46619
26 NA NA
OH
Example 19
950

,,ﬂ"'“\ /\/\/ CO>H 203

OH

Pinane Thromboxane A,

20
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TABL.

= 7-continued

EC5D (HM) Plalelets

929

NA
nﬂ“T
\/

OH

Example 20

O}J::Illlln..

2.0 214 1M NA
ﬂ“\ —/\/\
™ CO,H
Ol
[I-BOP
0.4 NA A
O}}::llll .....
OH
Example 21
\“‘ /\/\ KB =1 6 KB - 306 I]_M
W I\/\_ . COEH
AL L
ﬁ"".\/ N
" \/ "\N .
H H
AQ-29,543

\\\1‘1\ o
H
ﬂﬂ,‘\/ \/ N

“ J\g e

Example 22

OH

Kg =18.2

Kp = 4500 nM

(Rat Aorta) aggreg hib
/\ ﬂ‘\\ OH

22



Us 7,019,149 B2

24

23

("A’T "JBD PIZIIRT)

-S2UB) ADUDIDIPNSUT ATBUOIOD
sunump (uonesa133e J9[218[d

JO UOTIONPUI JNOYIIM) 1B A7)
UT IFBWEBP OTUIAYDIST PAJBRGIIOBXH]
('dx1

X 0T 382 “59) SollIe ATRU
-0J0D PAsnyard paje[ost JO UOT)
-01suoD punojord (s1eRie(d JO
UONEEAISSE 2] U0 ISTUOSBIUE
VX1 punojord jng 2Immienosea
J] UO JSTHOBE IYI[-t X ] 10

JA ¢ 0T

= (1D dins onJIor JBI pRiovnuo))

-d4dH Jo uonesars
-88 peonpur-‘HOJ JO 1031qIU]

SUOTIOR [BIIS0[0IE]

[ ‘O "SJOY 998 SISIYIUAS

1L21jo 10y fous-z-1day[ 171 ¢]
OTOADIQIAULIO)-7 WIOL]

,TOTIBZI[OAD

PUEB ‘QATIBATIDD ONIATIR[A
-UOQIBIAXOURUI-T] JO UOTIBULIO]
‘UOTIBJASIUI ‘HO-10T ] JO UOISIdA
-UT AQ 2IBOZUAQ-CT A0 [Ajowr
-11 19182 TAIIDW €Y WOL]

~AUBIOXO 3]

0] PIZI[OAD PUB [OIP-T[°6 B O
paonpar ‘pasipixods ‘pajesnluod
SEM [DIYM JUOUD PAIQUIRW-9 B
0] 1919 [A[ISTAYIRWIPIAING-1-CT
19189 JA[PW ¢y0)J JO uorsuedxa

SUII NBUSJJI]-AOUB[WIA(T B BIA

[ OUO-¢-UBINGOTOAd(JAUSd
-0Id-1-SUBI}-AXOIPAU-¢)-T WOL]

SISAUIUAS

(RFOEQ THD

(ZRE)SYOVEH <O

(0sO)TO" H' <D

(0SOYOVEH O

("3 “Jow)
B[NWIOL "[OJA

HOOO — .
/>\ /____._.

AINIONIIS

SDOTVNY VXL

3 HI1d VL

(CY¥ X1 27042

-0QIBD) PIOB DTOUIIP

- T(H) ¢(Z)-rquiod
-[[IBQIBD-1D [ [ -AXOID
-AU-0GT-BqIBD-D] D6

JIROUDTP

-€1(2)*S(Z)equuoryy
-AXOIPAT-DG T

-BTIdR-DT D6 [AYIN

PIOB JIOUIIP

-€1(2)°5(Z))-equuod
-[[IBQIBD-1D [ [ -AXOID

-A-DC T-AX0dT-DT 106

PIOE O10UIP-€ 1(H) S(Z)
“BQUIOIIAXOID

-AY-0GT-BQIRD-D] D6

JUIBU DTBUID]SAS

.v

¢

ON



Us 7,019,149 B2

26

25

[ (SBOTEUE “yX ], PUE
IPIxORdOpUd 2[qrIS AQ padnp
-ut (*A’T "81d BaUMS) OATA UT
pU® (BUOB JBI) OIJTA UT 2SUOS
-1 JOTIDIISUODOSBA PAIQIUU]
UOTIBBAIZSE PRONPUI-SYS

10 Y JO UOTIIQIUUI OATA X9
pasned (Urui/SY/81 I—1) SIBD
10 $81d B2UMNB UT UOTSNJUT "A ']
ISBIIUAS SO TO ‘O8B)
-UIUAS Y] “OSBUIBAXOO[IAD
o 122 ou pey g NHJH JO
UOTIBSAISSE paonpul Sy X pau
-qryur osfe JAT 8€0—11°0 Jo
sanfeA DI UM (18I 10U Snq
aserd puooas) J(IV PUB ‘U2BE]

102 ‘VV “‘HDJ Axodaousijau
-11°6 (01 punodurod) ‘YIS

AQ paonpur NYJH IO uornesaIs
-8B P2JIQIUIT DINJB[NOSBA PUB
s1o121e1d WO JSTUOSRIUR SYY ]

«;SAesse BoyoeI) 51d Boums
PUB ‘UTA Snoudydes 50p “BlOB
1IqQeI 2] UT JSTUOBSE® [e1red

AN T€°0 18 $IJH Jo uones
-0IS8® J[QISIDAIIT PAIeIIdIoarg

AT T 38 047/ AQ VXL
DIDAD0QIBD AQ PAONPUT AIDEB

ATBUOIOD 18D Pasnyiad paeosT
JO UOTIOINSUOIOISBA PIIQTIUU]

SUOTIOR [BIIS0[0I¢]

lodou wor]

1 [OTRITAUI( — )UIOT]

SISAUIUAS

(1Z)FON'YHO

(0EH)YOI°CH"D

HOOO

(OTIP)EO*H'D

("3 “Tow)
BINWIO] "TOJA]

SDOTVNY VXL

panunuod-g 4 IgV.IL

</\

AINIONIIS

PIOE 210Ud-¢(Z)
“BION[10qIBI-D [ -[Ad
-0Id-U-(7-AXOIPAY-¢|C T
put -DGI-HE [-BZE-¢ |
“BQIBD[AIDUWI([-O T D6

p1og o1ouaIp-¢ 1(H) <(7)

-BQUIOIIBQIBI-1

[T-1ou

-BI119]-0-( AXouaydorong

-1)-0 T -AXOIPAY-0G |
“-BQIBD[AUYIRWI([-DT I D6

prog orouaIp-¢ T(H) S(d)
-BQUIOIIBQIBD
- 1-AX0IP

-A-1DCT-BOIBD]
-IP-DTT V-2
-WI-TQUT- G T-TOUTL

AW
Atdyd
RAN

L

JUIBU JMBURISAS  "ON



Us 7,019,149 B2

28

27

ot 50T X €% = 2°D]
‘A dH Jo uonesaI88e [[qr1S

-IOAIIT N ;0T X £ =D
‘BIIOE BRI PIIB[OST PAIOBIUO))

, 1 TIdH U0 30919
ou .Jui/s . Q] X € =°*AD
‘BIIOB JBI PAIBJOST PRIDBIUO))

1dddH U0 1032
ou \Ju/s .07 X S = °*AD
‘BJIOB 1BJ PIIBJOST PRIOBIUO))

AS81d Boums
“A'T) OATA UT JOIDIIISUOIOSEA

B SeM PUB ‘U 0 = °*JD

"BIIOR JBI PIBJOST PAIDIIISUO))

AL
90 = °°D1 ‘IYJH Jo uones

-QI8B® J[qQISI2AJILIT prdel pasne))

AINB[NOSEA pUB SJo[218[d
O ISTUOSE Sy L [[TU ‘NL10d

SUOTIOR [BIIS0[0I¢]

o 9TEIR0B0I0B~([A- T -UAXSY-

-0J0T9-9)-7-AXOURUWIP-1*y WOI] ($RE)S*OFFHD

1 1OURINGO[OAd[AUIIO]-¢-SI0 wol]  (6%€)*ON*H'O

¢ (PUOUBINGO[IADTAUTA-C WIOT]

1 9TBI00E
-CT 12182 JAIaW S0y J WOIJ
OSTE . {9UQ-{,-XAO[IAD[AUOGTED
-AXOUOUI-7-[AULIO]- [ -SUEI] WIOL,]

SISAUIUAS

(0R€)SEOPH O

HOQD — .
(99€)SCO"*H'D /\/\ N

("3 “Tow)
BINWIO] "TOJA]

SDOTVNY VXL

panunuod-g 4 IgV.IL

AINIONIIS

PIOE 210UAIP-€ 1(H) S(Z)
“BQUIOIYIRT]-10 | [ -AXOIP

-AU-DGT-BIYNdg-D11‘D6 €]

ﬂ.ﬁ,m_ UMG_HM. Hu
-CT(A)*s(Z)-rquIot)
~OUTWI-0 [ ] -AXOIP
-AU-DCT-BQIBD-DII‘DE 71

JIROUDTP

-€T(A)*S(Z)-equoIy ey
-0 ] -AXOIPAU-DG |

“BQTBO-DIIDG [AYPIN 1

(“V1.S)p1oe d10UaIp

-€1(A)*S(Z)-equos
-[[IBQIBD-1D [ [ -AXOID

-AU-DGT-BTNAT-DI1D6 0T

JUIBU JMBURISAS  "ON



Us 7,019,149 B2

30

29

L ANTATIOR OYI[-Cy X ], Suons
SBY sIDUWIdd ¢T1-0D) JO QIMIXIIA

o AJTATIOE TOJOTIISUOOOSEA JBIM
‘s19191R1d POOIQ UO 1032 ON

A1 OSBIRYIAS “YX T, U]
10 ‘YT JO 109[]0 ATOJBSIISS®

2y} dzIuoTeIue ‘JYJ NqQEr 23E3

-0I83% JOU PIP 'YX X Z0'0
‘sd1rs 911108 JBI JO UOTIOBIIUO))

71 PRHQIYUL 958121

-uAs "'yx ] sem Iou €Y JO
10919 ATO1BB2I88E JZTUOSBIUR
jou pIp 'YX X 100°0 ‘ddd
1IqQe JO UoNesISse Iy Y]

X ()"0 sdins o108 J1qQqel JO
UOTIOBRIJUOD {ISTUOSE Sy X JP2M

SUOTIOR [BIIS0[0I¢]

L 10-€-12-9
-100[ 17 ¢]oj24o1qex0-8-1A14S
-Z-TAIQUIAXOIDWIP-T WIOT]

Gﬁmﬁﬂumu,mﬂaﬂhﬂdhum# ﬂ.ﬁﬂm
wEIny Jo 10nppe [¢ + ¢] woIg

11 OPIUIEIOOE
-¢-UBIAJOIPAURIIDIAXO

-IRW-9-TAIPWAXOIPAY-SIQ-7°C
-JAIRWIP-N N-STO-STO-SURT) WIOL]

€T

SISAUIUAS

JUOIOB] ADIO)) 1)
WO PAUTBIJO SEM (DA IPTU
“B]JI0B--oUO-{-UBIAdOIPATRIID]

-AXOUJoWI-Q- AXO[AZUR (- 7-[A]oWI

-TP- NN -ST9-S19-SUBI} JO UOT)

-BUDTAIIAUW JO 1pnpord 2] Wor]

(80O H'D

(F9OVOV H D

(990X Q" H' <D

(99€)EFO"*H'D

("3 “Tow)
BINWIO] "TOJA]

SDOTVNY VXL

panunuod-g 4 IgV.IL

OH

HO

AINIONIIS

PIOB JIOUDIP
-€1(A)*S(Z)-vquos
-[[IBQIBI-1D [ [ -AXOID

-AU-¢JST pue -0¢T-owoy
“DOT-AXOAdT-DT1D6

PIOE DTOUIP

-SUBII- [-S1O--BqUIOIT]
-AX0IPAY-¢(CT puE

-0 T-BAIBI-D T -BX0-() |
-AXOdI0UBYRN-DT 106

PIOB J10UDIP

-€1(9)*6(Z) BquIoIy)
-AX0IpAY-(JCT pue -0g]
-AXOd20UBYIDN-DT 1 D6

JUIBU DTIBUIDISAS

L1

91

¢l

14!

ONl



Us 7,019,149 B2
31 32

TABLE 9

Z

Z

9,11-endoxy CTA,
10a-homo PGH,

c / - \/\/COOH /_\/\/_COOH

CH, S

EP 092

DND 11120
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TABLE 9-continued

AM 23848

Structures of (a) the natural compounds PGH, and TXA..

(b) stable thromboxane mimetics with natural side chains,

(c) potent 16-p-fluorophenoxy prostanoics

(d) specific thromboxane receptor antagonists and

(e) thromboxane receptor antagonists with prostacyclin-like activity.

The 1nvention claimed 1s:

1. A method for preparing a thromboxane agonist having
reduced ability to cause platelet aggregation, 1.e. blood
clotting, which comprises converting a thromboxane ligand
having the formula TRL-COOH, wherein TRL represents a
thromboxane receptor ligand residue to TRL-W wherein W
1s selected from the group consisting of C(O) (NR,) or
CHN(R,), wheremm R, 1s C, to C,, alkyl, or phenyl or
benzyl or hydrogen.

2. The method of claim 1 wherein TRL-W 1s a compound
formula I,

/A—X
S
NP

(CH)n

wherein Y 1s (CH,), ; Z 1s selected from the group consisting
of O, OCH,,

O

O—C—0

and (CR,),,1sanintegerof 1 or 2;n1s O or 1; R, 1s hydrogen
or an alkyl radical of from 1 to 4 carbons, A 1s an alkylene
or alkenylene radical having from two to seven carbon

40

45

50

55

60

65

O—CH,—COOH

-

-~

O

atoms, which radical may be substituted with one or more
hydroxy, oxo, alkyloxy or alkylcarboxy groups or said
alkylene or alkenylene may have one or more enchained oxa
or 1mino radicals; B 1s a methyl radical or a cycloalkyl
radical having from three to seven carbon atoms, or an aryl
radical, selected from the group consisting of hydrocarbyl
aryl and heteroaryl radicals wherein the heteroatom 1s
selected from the group consisting of nitrogen, oxygen and
sulfur atoms, or substituted derivatives of said methyl,
cycloalkyl or aryl radicals wherein said substituent 1is
selected from the group consisting of halo, mitro, amino,
thiol, hydroxy, alkyloxy and alkylcarboxy; and X 1s selected
from the group consisting of —C(O)N(R,),, and —CH N
(R,), radicals, wheremn R, 1s a C, to C,, alkyl or phenyl or
benzyl, or hydrogen; or a pharmaceutically acceptable salt
thereof.

3. The method of claim 2 wherein said compound 1s a
compound of formula II,
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4. The method of claim 3 wherein said compound 1s a
compound of formula III,

wherein either the o or o chain may be unsaturated, 1.e. the
dashed bonds represent a single bond or a double bond
which can be 1n the ci1s or trans configuration and R, 1s =0,
—OH or —O(CO) R,; wherein R, 1s a saturated or unsat-
urated acyclic hydrocarbon group having from 1 to about 20
carbon atoms, or —(CH,) R, wherein m 1s 0-10, and R, 1s
an aliphatic ring having from about 3 to about 7 carbon
atoms, or an aryl radical selected from the group consisting
of hydrocarbyl aryl and heteroaryl radicals wherein the

10

15

20

36

heteroatom 1s selected from the group consisting of nitrogen,
oxygen and sulfur atoms; or a pharmaceutically acceptable
salt thereof.

5. The method of claim 4 wherein said compound 1s a
compound of formula IV,

\\‘““‘ \ — /\/\ X

R;

wherein the hatched line indicates the o configuration and
the solid triangle indicates [ configuration.

6. The method of claim 5 wherein X 1s selected from the
group consisting of —CH,N(R,), and —C(O)N(R, ),

¥ ¥ * o o
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